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To further the accurate direct potentiometry of plasma electrolyte concentrations, we investigated the effects of solution composition on the residual liquid junction potential (RLJP) during measurement of K. Assuming that the binding constant between K and proteins or bicarbonate is no greater than with Nat, we calculate that the amount of bound K can be neglected. A significant RUP exists between simple solutions containing Nat, K, and CI ions and solutions containing Nat, K, C1, and HC03 ions. Replacing C1 with HC03 leads to an increase in the RUP, which in turn contributes to a negative error in K analysis. A small decrease in RUP is observed as the ionic strength is increased. The Henderson equation gives a reasonable estimate of the magnitude of the observed RUP, even though the liquid junction does not meet the conditions under which the equation is rigorously applicable. Errors attributed to RLJP may be substantially minimized by using a calibrator solution that contains an anion with mobility similar to that of HC03.
There is considerable debate currently as to the accuracy with which sodium and potassium ion concentrations in serum can be determined by direct potentiometry. A major question is the role of the residual liquid junction potential (RJLP). Several published studies (1-3) deal with the influence of the composition of the calibrator solution on the observed sodium ion concentration. The same RLJP effects observed for Na have been predicted for K, but such studies have not been reported. Our work was focused on the variations in observed potassium ion concentrations that are attributable to R,JLP.
The difference between results by direct potentiometry and by flame photometry has been attributed in part to 
Materials and Methods

Reagents.
We prepared solutions of KC1, NaCl, and Na.HCO3 (all .a grade) in distilled, de-ionized water that was stored in air to ensure a constant concentration of dissolved carbon dioxide.
Apparatus.
For standards. Voltage readings, made with a digital millivolt meter, were recorded with a sensitive continuous multi-pen recorder. An opposing voltage source was placed between the millivolt meter and the recorder to permit operation of the recorder at high sensitivity.
Procedure.
We prepared groups of solutions having constant ionic strengths ranging from 120 to 200 mmol/L and constant sodium and potassium ion concentrations. At each ionic strength, we prepared a series of five other solutions in which HC03
was substituted for Cl in 10 mmol/L increments ranging from 10 to 50 mmoIJL. These solutions were prepared by mixing, in the appropriate ratio, two master stock solutions. The composition of all of the solutions was verified before and after each set of measurements of liquid junction potential.
The electrochemical potential of the cell containing the above sample solutions was determined by the following protocol: a 100-mL beaker, ifiled with 50 mL of the sample solution,
was covered and placed in a constant-temperature bath at 25 (SD 0.25) #{176}C. With gentle stirring, the solutions reached thermal equilibrium in 5 to 7 mm. The electrode pair was rinsed with distilled, de-ionized water, blotted dry, and immersed to a depth of 6 mm in the sample beakers. Stirring was discontinued, and the equilibrium voltage was measured in 2 mm. Measurements of the standard solution containing no HC03 preceded measurements of each of the solutions containing stepwise 10 mmol/L increments of HC03. Each measurement was repeated five times. The RLJP was determined from the differences between the potentials of the solution containing no HC03 and each solution containing HC03.
We repeated each measurement series, using 0.1 mol/L KC1 and 2.0 mol!L KC1 saturated with AgCl as the reference electrode ifihing solutions. Immediately after the direct potentiometric measurements, we determined the Na and K concentrations by the flame-ionization method and the C1/total carbon dioxide by established methods (6, 7), to correct for any changes that may have occurred during the measurements.
Electrochemical potential measurements were made with the cell:
where ElSE is the ion-specific electrode membrane potential, E is the liquid junction potential, ER, is the internal reference electrode potential, E is the external reference electrode potential, and x is the molar concentration of KC1.
The observed potential is given by:
The difference in potential between test solutions 1 and 2 is then:
and the RLJP is the term (E2 -E1) .
When the Na/K compositions of 1 and 2 are identical and only the anion composition is varied, then .E = RLJP. The liquid junction potentials were calculated by the common form of the Henderson equation for univalent electrolytes with activity coefficients equal to unity.
F (U+V)-(U-V) (U+V)
where U = C++ V = C -X is the limiting ionic conductivity Values for X were taken from Robinson and Stokes (8).
In Table 1 the RLJP and reduction in K recovery are shown for various concentrations of HC03 in solutions having ionic strengths of 120 and 160 mmol/L. Results with salt bridge concentrations of 0.1 and 2.0 mol/L are shown in Figure 1 for saline solutions with an ionic strengh of 140 mmol/L. As C1 is progressively replaced by HC03, the RLJP increases linearly.
The measured potentials attributable to potassium concentration are more negative as the bicarbonate to chloride ratio is increased. Under these experimental conditions, a negative bias for K concentration measurements is introduced as was observed for Na by Czaban et al. 
Discussion
The effect of RLJP on the accuracy of the direct potentiometric method for Na has been clouded by the issueof Na' binding by proteins and bicarbonate. The maximum proportion bound by these ligands is suggested Observed obtained for Na (9). If the K electrode is calibrated with solutions containing only Na, K and Cl, and an unknown is measured that contains Na, K, C1, and HC03, there will be an RLJP that results in a negative Calculated error, and that error will increase with the concentration of the anion having the reduced mobility. To reduce the magnitude of the RLJP between a calibrant and the plasma sample, the calibrant should contain both Cl-and an anion of reduced mobility (here it is HC03). The use of acetate anion in the calibrant, as suggested by Czaban et al. (9) 
